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amputation length on resulting loads at the 
osseointegrated prosthesis fixation during 
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PERSPECTIVE 
The consequences of falls are often 
dreadful for individuals with lower limb 
amputation using bone-anchored prosthesis.
[1-5]
 
Typically, the impact on the fixation is 
responsible for bending the intercutaneous piece 
that could lead to a complete breakage over 
time. .
[3, 5-8]
 The surgical replacement of this 
piece is possible but complex and expensive. 
Clearly, there is a need for solid data enabling 
an evidence-based design of protective devices 
limiting impact forces and torsion applied 
during a fall. 
The impact on the fixation during an 
actual fall is obviously difficult to record during 
a scientific experiment.
[6, 8-13]
 Consequently, 
Schwartze and colleagues opted for one of the 
next best options science has to offer: 
simulation with an able-bodied participant. 
They recorded body movements and knee 
impacts on the floor while mimicking several 
plausible falling scenarios. Then, they 
calculated the forces and moments that would 
be applied at four levels along the femur 
corresponding to amputation heights.
[6, 8-11, 14-25]
 
The overall forces applied during the 
falls were similar regardless of the amputation 
height indicating that the impact forces were 
simply translated along the femur. As expected, 
they showed that overall moments generally 
increased with amputation height due to 
changes in lever arm. This work demonstrates 
that devices preventing only against force 
overload do not require considering amputation 
height while those protecting against bending 
moments should. Another significant 
contribution is to provide, for the time, the 
magnitude of the impact load during different 
falls. This loading range is crucial to the overall 
design and, more precisely, the triggering 
threshold of protective devices. 
 Unfortunately, the analysis of only a 
single able-bodied participant replicating falls 
limits greatly the generalisation of the findings. 
Nonetheless, this case study is an important 
milestone contributing to a better understanding 
of load impact during a fall. This new 
knowledge will improve the treatment, the safe 
ambulation and, ultimately, the quality of life of 
individuals fitted with bone-anchored 
prosthesis.  
 
REFERENCES 
1. Aschoff, H.-H. and R. McGough, The 
Endo-Exo Femoral Prosthesis: a new 
rehabilitation concept following above 
knee amputation. Journal of Bone & 
Joint Surgery, British Volume, 2012. 94-
B(SUPP XXXIX): p. 77. 
2. Branemark, R., P.I. Branemark, B. 
Rydevik, and R.R. Myers, 
Osseointegration in skeletal 
reconstruction and rehabilitation: a 
review. J Rehabil Res Dev, 2001. 38(2): 
p. 175-81. 
3. Hagberg, K. and R. Branemark, One 
hundred patients treated with 
osseointegrated transfemoral amputation 
prostheses-rehabilitation perspective. J 
Rehabil Res Dev, 2009. 46(3): p. 331-
44. 
4. Hagberg, K., R. Branemark, B. 
Gunterberg, and B. Rydevik, 
Osseointegrated trans-femoral 
amputation prostheses: Prospective 
results of general and condition-specific 
quality of life in 18 patients at 2-year 
follow-up. Prosthetics and Orthotics 
International, 2008. 32(1): p. 29 - 41. 
5. Hagberg, K., E. Hansson, and R. 
Branemark, Outcome of Percutaneous 
Osseointegrated Prostheses for Patients 
With Unilateral Transfemoral 
Amputation at Two-Year Follow-Up. 
Arch Phys Med Rehabil, 2014. 95(11): 
p. 2120-2127. 
6. Frossard, L., R. Tranberg, E. Haggstrom, 
M. Pearcy, and R. Branemark, Fall of a 
transfemoral amputee fitted with 
osseointegrated fixation: loading impact 
on residuum. Gait & Posture, 2009. 
30(Supplement 2): p. S151-S152. 
7. Berlin, Ö., P. Bergh, M. Dalen, S. 
Eriksson, K. Hagberg, S. Inerot, B. 
Gunterberg, and R. Brånemark, 
Osseointegration in transfemoral 
amputees: the gothenburg experience. 
Journal of Bone & Joint Surgery, British 
Volume, 2012. 94-B(SUPP XIV): p. 55. 
8. Frossard, L.A., R. Tranberg, E. 
Haggstrom, M. Pearcy, and R. 
Branemark, Load on osseointegrated 
fixation of a transfemoral amputee 
during a fall: loading, descent, impact 
and recovery analysis. Prosthet Orthot 
Int, 2010. 34(1): p. 85-97. 
9. Frossard, L., K. Hagberg, E. Häggström, 
D.L. Gow, R. Brånemark, and M. 
Pearcy, Functional Outcome of 
Transfemoral Amputees Fitted With an 
Osseointegrated Fixation: Temporal Gait 
Characteristics. JPO Journal of 
Prosthetics and Orthotics, 2010. 22(1): 
p. 11-20. 
10. Frossard, L., N. Stevenson, J. Smeathers, 
E. Haggstrom, K. Hagberg, J. Sullivan, 
D. Ewins, D.L. Gow, S. Gray, and R. 
Branemark, Monitoring of the load 
regime applied on the osseointegrated 
fixation of a trans-femoral amputee: a 
tool for evidence-based practice. 
Prosthet Orthot Int, 2008. 32(1): p. 68-
78. 
11. Lee, W., L. Frossard, K. Hagberg, E. 
Haggstrom, and R. Brånemark, Kinetics 
analysis of transfemoral amputees fitted 
with osseointegrated fixation performing 
common activities of daily living. 
Clinical Biomechanics, 2007. 22(6): p. 
665-673. 
12. Helgason, B., H. Palsson, T.P. 
Runarsson, L. Frossard, and M. 
Viceconti, Risk of failure during gait for 
direct skeletal attachment of a femoral 
prosthesis: a finite element study. Med 
Eng Phys, 2009. 31(5): p. 595-600. 
13. Lee, W.C., J.M. Doocey, R. Branemark, 
C.J. Adam, J.H. Evans, M.J. Pearcy, and 
L.A. Frossard, FE stress analysis of the 
interface between the bone and an 
osseointegrated implant for amputees--
implications to refine the rehabilitation 
program. Clin Biomech (Bristol, Avon), 
2008. 23(10): p. 1243-50. 
14. Dumas, R., L. Cheze, and L. Frossard, 
Load during prosthetic gait: Is direct 
measurement better than inverse 
dynamics? Gait & Posture, 2009. 
30(Supplement 2): p. S86-S87. 
15. Dumas, R., L. Cheze, and L. Frossard, 
Loading applied on prosthetic knee of 
transfemoral amputee: comparison of 
inverse dynamics and direct 
measurements. Gait Posture, 2009. 
30(4): p. 560-2. 
16. Frossard, L., J. Beck, M. Dillon, M. 
Chappell, and J.H. Evans, Development 
and preliminary testing of a device for 
the direct measurement of forces and 
moments in the prosthetic limb of 
transfemoral amputees during activities 
of daily living. Journal of Prosthetics 
and Orthotics, 2003. 15(4): p. 135-142. 
17. Frossard, L., L. Cheze, and R. Dumas, 
Dynamic input to determine hip joint 
moments, power and work on the 
prosthetic limb of transfemoral 
amputees: ground reaction vs knee 
reaction. Prosthet Orthot Int, 2011. 
35(2): p. 140-9. 
18. Frossard, L., D.L. Gow, K. Hagberg, N. 
Cairns, B. Contoyannis, S. Gray, R. 
Branemark, and M. Pearcy, Apparatus 
for monitoring load bearing 
rehabilitation exercises of a transfemoral 
amputee fitted with an osseointegrated 
fixation: a proof-of-concept study. Gait 
Posture, 2010. 31(2): p. 223-8. 
19. Frossard, L., K. Hagberg, E. Haggstrom, 
and R. Branemark, Load-relief of 
walking aids on osseointegrated fixation: 
instrument for evidence-based practice. 
IEEE Trans Neural Syst Rehabil Eng, 
2009. 17(1): p. 9-14. 
20. Frossard, L., E. Haggstrom, K. Hagberg, 
and P. Branemark, Load applied on a 
bone-anchored transfemoral prosthesis: 
characterisation of prosthetic 
components – A case study Journal of 
Rehabilitation Research & 
Development, 2013. 50(5): p. 619–634. 
21. Frossard, L.A., Load on osseointegrated 
fixation of a transfemoral amputee 
during a fall: Determination of the time 
and duration of descent. Prosthet Orthot 
Int, 2010. 34(4): p. 472-87. 
22. Lee, W.C., L.A. Frossard, K. Hagberg, 
E. Haggstrom, D.L. Gow, S. Gray, and 
R. Branemark, Magnitude and 
variability of loading on the 
osseointegrated implant of transfemoral 
amputees during walking. Med Eng 
Phys, 2008. 30(7): p. 825-833. 
23. Vertriest, S., P. Coorevits, K. Hagberg, 
R. Branemark, E. Haggstrom, G. 
Vanderstraeten, and L. Frossard, Static 
Load Bearing Exercises of Individuals 
With Transfemoral Amputation Fitted 
With an Osseointegrated Implant: 
Reliability of Kinetic Data. IEEE Trans 
Neural Syst Rehabil Eng, 2014. In press. 
24. Frossard, L., N. Stevenson, J. Smeathers, 
D. Lee Gow, S. Gray, J. Sullivan, C. 
Daniel, E. Häggström, K. Hagberg, and 
R. Brånemark, Daily activities of a 
transfemoral amputee fitted with 
osseointegrated fixation: continuous 
recording of the loading for an evidence-
based practice. Kinesitherapie Revue, 
2006. 6(56-57): p. 53-62. 
25. Frossard, L., N. Stevenson, J. Sullivan, 
M. Uden, and M. Pearcy, Categorization 
of Activities of Daily Living of Lower 
Limb Amputees During Short-Term Use 
of a Portable Kinetic Recording System: 
A Preliminary Study. JPO Journal of 
Prosthetics and Orthotics, 2011. 23(1): 
p. 2-11. 
 
 
